Introduction
============

The diabetes epidemic has become a major health threat in the US. While an alarming 14% of the adult US population have diabetes, one-third still remain undiagnosed.[@b1-dmso-9-025] The prevalence of diabetes is expected to increase, as 20% of the 86 million people with prediabetes are expected to develop the disease within 5 years.[@b1-dmso-9-025],[@b2-dmso-9-025] Type 2 diabetes mellitus (T2DM) accounts for 90%--95% of all cases in adults and is associated with factors including older age, obesity, sedentary lifestyle, family history, gestational diabetes, and ethnicity.[@b3-dmso-9-025] Patients with T2DM are at an increased risk of developing serious health complications such as heart disease, stroke, nephropathy, hypertension, blindness, and neuropathy.[@b3-dmso-9-025]

Patients with diabetes face multiple challenges while managing this complex disease, which involve extensive lifestyle changes, including increased physical activity, healthy nutrition, blood glucose monitoring, medication management, and problem solving.[@b3-dmso-9-025]--[@b5-dmso-9-025] Managing complex daily care activities can overwhelm patients and result in nonadherence in one or several areas of self-care management.[@b5-dmso-9-025]--[@b7-dmso-9-025]

The medical cost of diabetes in the US was reported at \$245 billion in 2012 and is expected to rise as the prevalence of the disease increases.[@b8-dmso-9-025] Medication nonadherence contributes significantly to the medical cost of diabetes and compromises patient health by increasing the risk of diabetic complications.[@b9-dmso-9-025] Lack of understanding about the disease, poor self-care management skills, and medical illiteracy are contributing factors that lead to medication nonadherence.[@b6-dmso-9-025]--[@b10-dmso-9-025]

Pharmacologic management of diabetes and associated conditions is necessary to obtain glycemic control and prevent diabetic complications. Each patient with T2DM requires individualized treatment that takes into account comorbid conditions, cardiovascular disease risk factors, macrovascular and microvascular complications, and the risk of severe hypoglycemia.[@b11-dmso-9-025] There are currently several antidiabetic agents that target one or more of the pathophysiological pathways that contribute to hyperglycemia.[@b11-dmso-9-025] In most cases, patients are prescribed at least two medications in order to target multiple pathways and obtain adequate glycemic control. Many patients will also need to take additional medications to manage the comorbid conditions that often accompany diabetes, such as hypertension and dyslipidemia, thus increasing the pill burden.[@b10-dmso-9-025],[@b11-dmso-9-025] One study conducted in 875 adults with diabetes above the age of 50 years reported that 50% of the participants were prescribed seven or more medications, including at least two antidiabetic agents.[@b12-dmso-9-025] Therefore, providing patients with a simpler medication regimen can increase medication adherence and improve glycemic control.[@b9-dmso-9-025]

This paper examines the efficacy and safety of the fixed-dose combination (FDC) of dapagliflozin and metformin XR (extended release) and its place in therapy for the management of T2DM. The patient's perspective will also be presented to provide guidance to health care clinicians regarding the use of dapagliflozin in combination with metformin.

Rationale for the use of FDC therapy in diabetes
================================================

Medication nonadherence is a major cause of poor glycemic control in many patients with T2DM and is associated with further disease progression, and increased hospitalizations and deaths in the US.[@b9-dmso-9-025] Although patients who adhere to their prescribed medication regimen may incur higher drug costs, several studies report that overall medical costs and hospitalizations are lower for these patients.[@b12-dmso-9-025],[@b13-dmso-9-025]

Benner et al[@b14-dmso-9-025] evaluated medication adherence in 6,000 patients in a managed care setting and found an inverse relationship between medication adherence and the number of medications taken. These findings are supported by several clinical trials which reported that patients who were prescribed FDC had higher adherence rates compared to patients who were prescribed free-dose combination regimens.[@b15-dmso-9-025]--[@b17-dmso-9-025] Long-acting medications requiring once-daily dosing are usually preferred over complex medication regimens requiring multiple doses per day.[@b15-dmso-9-025],[@b17-dmso-9-025] Further simplifying the regimen by using a pill that contains more than one drug can also improve patient satisfaction and medication adherence.[@b18-dmso-9-025],[@b19-dmso-9-025] Simplifying a medication regimen for a patient with T2DM by using a once-daily FDC such as dapagliflozin--metformin XR can improve patient satisfaction and increase adherence.

Side effects also influence medication adherence. Hypoglycemia, a common side effect of many antidiabetic agents, can negatively impact many aspects of a patient's life such as work productivity, social activities, and quality of life.[@b19-dmso-9-025] Hypoglycemia is a common cause of nonadherence with antidiabetic agents.[@b20-dmso-9-025],[@b21-dmso-9-025] One study conducted in 6,065 patients reported that only 39% of patients who reported experiencing recent hypoglycemia had a high Morisky scale adherence score.[@b21-dmso-9-025] There are several antidiabetic agents that promote weight gain and may be negatively received by many patients with T2DM who have cormorbid obesity. One study reported that patients with diabetes who lost weight after initiation of antidiabetic drug therapy had significantly better medication adherence and were less likely to be on medications that promote weight gain than patients who experienced weight gain during treatment.[@b21-dmso-9-025]

Strategies that promote weight loss, which include increased physical activity, healthy nutrition, and the use of antidiabetic medications associated with weight loss, may improve medication adherence. The low incidence of hypoglycemia associated with the use of metformin--dapagliflozin in addition to the weight loss and blood-pressure-lowering effects can be very attractive from a patient's perspective, which could lead to increased adherence.

Role of SGLT2 inhibitors and metformin for T2DM
===============================================

T2DM involves multiple organ dysfunction that results in insulin resistance and insulin deficiency.[@b22-dmso-9-025] During the early stages of T2DM, the ability of insulin to facilitate the transport of glucose into the cell is impaired. Defects in insulin receptor function, insulin receptor signal transduction pathway, glucose transport and phosphorylation, and glycogen synthesis and oxidation contribute to muscle insulin resistance.[@b22-dmso-9-025] In addition, hepatic insulin resistance results in inappropriate hepatic glucose production in the fed state.[@b22-dmso-9-025] In the early stages of disease, hypersecretion of insulin by the pancreatic β cells compensates for the pathophysiologic effects of insulin resistance in order to maintain normal glucose concentrations. However, β cell loss occurs over time as a result of increased apoptosis and reduced replication, which results in reduced β cell mass, decreased insulin secretion, and hyperglycemia.[@b22-dmso-9-025] In addition to β cell dysfunction, pancreatic α cells also play an important role in T2DM pathophysiology. Abnormally high secretion of glucagon by the α cells stimulates excessive hepatic glucose production and leads to hyperglycemia in patients with diabetes.

T2DM also affects the renal system, as the kidneys play a major role in maintaining glucose homeostasis. The majority of glucose is reabsorbed in the proximal tubule of the kidney by sodium--glucose cotransporter type 2 (SGLT2) in order to maintain normal fasting plasma glucose levels.[@b23-dmso-9-025] In patients without diabetes, when plasma glucose levels exceed the maximal reabsorptive capacity of the kidney, excess glucose begins to spill into the urine.[@b24-dmso-9-025] However, in the context of T2DM, the expression and activity of SGLT2 is increased;[@b23-dmso-9-025] therefore, the kidneys have an increased capacity to reabsorb glucose into the bloodstream, which further worsens hyperglycemia.[@b25-dmso-9-025]

There are several classes of antidiabetic medications that target a specific pathophysiologic pathway ([Figure 1](#f1-dmso-9-025){ref-type="fig"}). For the purposes of this review, SGLT2 inhibitors and metformin are the focus.[@b27-dmso-9-025]--[@b29-dmso-9-025] A novel mechanism to treat T2DM is through the SGLT2 inhibitors, which act to inhibit SGLT2 in the proximal nephron of the kidney and block glucose reabsorption, causing glucosuria.[@b4-dmso-9-025] Because SGLT2 inhibitors are independent of insulin action, there is less risk for hypoglycemia,[@b3-dmso-9-025] and they may be used at any stage in the progression of the disease.[@b26-dmso-9-025] Other advantages include weight loss and blood-pressure-lowering effects.[@b26-dmso-9-025]

Metformin is a biguanide that suppresses hepatic glucose production via inhibition of gluconeogenesis. Metformin also increases insulin sensitivity and peripheral glucose uptake, and decreases absorption of glucose from the gastrointestinal tract, which results in decreased fasting glucose levels and a decrease in the hemoglobin A~1C~.[@b27-dmso-9-025]--[@b29-dmso-9-025] The American Diabetes Association (ADA), American Association of Clinical Endocrinologists (AACE), and the American College of Endocrinology recommend metformin as first-line therapy for the management of T2DM.[@b5-dmso-9-025],[@b10-dmso-9-025],[@b11-dmso-9-025],[@b29-dmso-9-025]--[@b31-dmso-9-025] Metformin is comparable to the sulfonylureas in terms of efficacy, with a similar reduction in A~1C~ of 1%--2% and in fasting plasma glucose of 60--70 mg/dL.[@b27-dmso-9-025],[@b31-dmso-9-025],[@b32-dmso-9-025] Metformin is generally well tolerated and does not cause hypoglycemia, but it is associated with mainly gastrointestinal side effects, including anorexia, nausea, diarrhea, and abdominal discomfort.[@b28-dmso-9-025],[@b32-dmso-9-025] Metformin has also been shown to have beneficial effects on cardiovascular disease outcomes.[@b33-dmso-9-025]

Current FDC therapies for the treatment of T2DM
===============================================

FDC medications used to treat diabetes employ mechanisms of action that address different aspects of the disease pathophysiology. This is especially crucial due to the progressive nature of T2DM.[@b34-dmso-9-025],[@b35-dmso-9-025] According to the ADA, combination medication therapy should be initiated if the target hemoglobin A~1C~ is not reached within 3 months.[@b4-dmso-9-025] FDCs are proven to have benefit in increasing adherence and satisfaction as well as decreasing medical costs.[@b34-dmso-9-025],[@b36-dmso-9-025]

For most FDCs, the bioavailability of each included medication is equivalent to the amount given separately and simultaneously. Many of the available FDCs contain metformin as one of the two medications,[@b34-dmso-9-025],[@b37-dmso-9-025]--[@b47-dmso-9-025] which follows the ADA guidelines of using metformin as the cornerstone of T2DM pharmacotherapy.[@b4-dmso-9-025] Other FDCs consist of a combination of a thiazolidinedione and a sulfonylurea.[@b44-dmso-9-025],[@b45-dmso-9-025] The most recently US Food and Drug Administration (FDA)-approved FDCs are combinations that contain an SGLT2 inhibitor, Invokamet[@b46-dmso-9-025] (canagliflozin and metformin; Janssen Pharmaceuticals, Inc, Titusville, NJ, USA), and Xigduo XR (dapagliflozin and metformin XR; AstraZeneca Pharmaceuticals LP, Wilmington, DE, USA).[@b47-dmso-9-025]

Since SGLT2 inhibitors act via a different mechanism of action than metformin, the combination therapy of dapagliflozin and metformin XR is beneficial to treat T2DM, especially for patients with severe uncontrolled hyperglycemia. Multiple trials have shown that SGLT2 inhibitors are efficacious in reducing A~1C~ in an insulin-dependent manner and are well tolerated by most patients.

Efficacy
========

For treatment-naïve patients, an appropriate starting dose of dapagliflozin--metformin XR is 5 mg/1,000 mg, which is dosed once daily in the morning with food. The medication is titrated slowly up to a maximum of 10 mg dapagliflozin and 2,000 mg metformin to reduce gastrointestinal side effects. In other cases, the dose should be individualized based on the patient's current antidiabetic medication regimen.[@b47-dmso-9-025] For example, if a patient currently taking metformin 1,000 mg twice daily does not reach glycemic goals, the provider has the option to switch the patient to dapagliflozin--metformin XR 10 mg/2,000 mg. Patients previously taking an evening dose of metformin XR should skip their last dose before starting dapagliflozin--metformin the following morning.

Bailey et al[@b48-dmso-9-025] examined the effects of dapagliflozin in 546 adult patients with T2DM who did not obtain glycemic control with metformin monotherapy (mean dose range: 1,782--1,861 mg/day). Patients were randomized to receive dapagliflozin or placebo in addition to their previous prestudy metformin dose over the 24-week study period. The dapagliflozin-treated groups had significantly greater reductions in mean A~1C~ (*P*\<0.0001) compared to placebo (0.70% and 0.84 in the 5 and 10 mg groups, respectively, versus 0.30% for placebo). Dapagliflozin use also resulted in significant mean weight reductions (3.0 kg, *P*\<0.0001 and 2.9 kg, *P*\<0.0001 in the 5 and 10 mg groups, respectively) compared to a mean 0.9 kg reduction in the placebo group. Glycemic control and weight reduction were sustained in the dapagliflozin treatment groups over an extended, 78-week treatment period.[@b49-dmso-9-025] At 102 weeks, the dapagliflozin 5 and 10 mg treatment groups had mean reductions from baseline A~1C~ of 0.58% and 0.78%, respectively, compared to an increase of 0.02% for the placebo group (*P*\<0.0001 for both comparisons). Patients receiving both doses of dapagliflozin had mean weight loss of 1.7 kg from baseline weight compared to the placebo group, which experienced a mean gain of 1.4 kg (*P*\<0.001).[@b49-dmso-9-025]

Henry et al[@b50-dmso-9-025] conducted two randomized, controlled, 24-week studies to evaluate the effects of dapagliflozin in combination with extended-release metformin in treatment-naïve patients with T2DM. The mean A~1C~ value for patients in both studies was 9.2%. In the first study, 598 patients were randomized to receive dapagliflozin 5 mg plus extended-release metformin, dapagliflozin 5 mg alone, or extended-release metformin alone. The second study evaluated the effects of dapagliflozin 10 mg in 638 patients, using a similar study design. Most patients in both studies received extended-release metformin 2,000 mg daily. In both studies, dapagliflozin plus metformin was more effective (*P*\<0.0001) than either drug alone in reducing A~1C~. In the first study, combination therapy resulted in a mean A~1C~ reduction of 2.1% compared to 1.25% with dapagliflozin monotherapy and 1.4% metformin monotherapy. The reductions in A~1C~ for the combination, dapagliflozin-alone, and metformin-alone treatment arms in the second study were 2.0%, 1.5%, and 1.4%, respectively. The combination treatment groups had greater weight loss than the metformin-alone treatment groups (*P*\<0.0001). Patients receiving combination treatment with dapagliflozin 5 mg plus metformin had a mean weight loss of 2.7 kg compared to 1.3 kg for patients receiving monotherapy with metformin. Combination treatment with dapagliflozin 10 mg plus metformin resulted in a mean weight loss of 3.3 kg compared to 1.4 kg for patients receiving metformin alone.[@b50-dmso-9-025] Additional add-on studies support the efficacy findings of decreased A~1C~, weight loss, and reduced blood pressure ([Table 1](#t1-dmso-9-025){ref-type="table"}).[@b51-dmso-9-025]--[@b54-dmso-9-025]

Safety and tolerability
=======================

In general, most patients tolerated the dapagliflozin--metformin combination well, and few experienced serious side effects that resulted in minimal study withdrawals.[@b48-dmso-9-025],[@b50-dmso-9-025]--[@b53-dmso-9-025] Common side effects noted include nasopharyngitis, diarrhea, headache, and back pain.[@b48-dmso-9-025],[@b50-dmso-9-025],[@b51-dmso-9-025],[@b54-dmso-9-025],[@b55-dmso-9-025] Other side effects that will be covered include hypoglycemia, effect on lipid levels, genitourinary infections, and effect on cardiovascular health. In addition, rare but serious side effects have been reported, including diabetic ketoacidosis (DKA), bladder and breast cancer, and lactic acidosis.

Several studies have demonstrated that dapagliflozin--metformin combination therapy has a low incidence of hypoglycemia and led to few major hypoglycemic episodes.[@b48-dmso-9-025],[@b50-dmso-9-025]--[@b55-dmso-9-025] Multiple studies have found low rates of hypoglycemia when dapagliflozin is used as an add-on therapy to metformin (4% dapagliflozin versus 3% placebo),[@b48-dmso-9-025] combination therapy (3% dapagliflozin--metformin XR, 0%--1% dapagliflozin alone, and 0%--3% metformin alone),[@b50-dmso-9-025] and add-on therapy to sitagliptin with or without metformin (3% dapagliflozin versus 2% placebo).[@b53-dmso-9-025] However, when dapagliflozin is added to insulin therapy, the rates of hypoglycemia greatly increased (54%--56% dapagliflozin versus 52% placebo).[@b55-dmso-9-025] Nauck et al[@b51-dmso-9-025] compared dapagliflozin versus glipizide as add-on therapy to metformin and found that the dapagliflozin arm had much lower rates of hypoglycemia (3%) than the glipizide arm (40%).

Dapagliflozin has a slight effect on low-density lipoprotein cholesterol (LDL-C) levels in patients. In a trial with dapagliflozin as add-on therapy to metformin, there was a 10% increase in LDL-C levels with 10 mg dapagliflozin, and 5 mg dapagliflozin was comparable to placebo.[@b48-dmso-9-025] However, in another add-on therapy trial, there was no statistical difference in LDL-C levels between 10 mg dapaglifozin and placebo.[@b53-dmso-9-025] In a trial comparing dapagliflozin to glipizide as add-on therapy to metformin, both the dapagliflozin and glipizide groups had a slight decrease in LDL-C levels.[@b51-dmso-9-025] Overall, it is recommended to monitor LDL-C levels after initiating dapagliflozin--metformin XR and to treat accordingly.[@b47-dmso-9-025]

Both genital and urinary tract infections (UTIs) can occur with dapagliflozin monotherapy and combination therapy. These infections occurred most often in women, and in several trials, few subjects had severe reactions leading to minimal study discontinuations.[@b48-dmso-9-025],[@b51-dmso-9-025]--[@b53-dmso-9-025],[@b56-dmso-9-025]--[@b58-dmso-9-025]

UTIs occurred at a similar or higher rate in subjects treated with dapagliflozin. When comparing dapagliflozin to glipizide as add-on therapy to metformin, events suggestive of UTIs occurred at rates of 11% in dapagliflozin group and 6% in glipizide group.[@b51-dmso-9-025] When comparing dapagliflozin to placebo as add-on therapy to other antidiabetic agents, suggestive UTI rates were similar.[@b48-dmso-9-025],[@b52-dmso-9-025],[@b53-dmso-9-025] A study combined pooled data from 12 trials (n=4,545) for patients treated with dapagliflozin as monotherapy or add-on therapy to other antidiabetic agents.[@b56-dmso-9-025] There was a statistically significant increase in diagnosed UTIs for 5 mg dapagliflozin (6%), and 10 mg dapagliflozin was comparable to placebo (4%). Diagnosed UTIs were more common in women than in men. Most patients responded to a single course of treatment and did not lead to study discontinuation, but up to 16% in the 10 mg dapagliflozin group needed more than one treatment course.

Events suggestive of genital infections occurred at a higher rate in subjects treated with dapagliflozin. Most patients responded to a single course of treatment.[@b52-dmso-9-025],[@b53-dmso-9-025] For add-on therapy to metformin, genital infections occurred at rates of 8%--13% for dapagliflozin compared to 5% for placebo,[@b48-dmso-9-025] and 12% for dapagliflozin compared to 3% for glipizide.[@b51-dmso-9-025] In a triple add-on therapy study, the rates of genital infections were 6% and 0% for dapagliflozin and placebo, respectively.[@b52-dmso-9-025] In the same study with 12 pooled trials as mentioned previously, diagnosed genital infections were higher in the dapagliflozin treatment groups (6% 5 mg and 5% 10 mg) as compared to placebo (1%).[@b56-dmso-9-025] In all treatment groups, these infections were more common in women than in men. The most commonly diagnosed infections in women were vulvovaginal mycotic infection, vaginal infection, vulvovaginal candidiasis, and genital fungal infection; the most commonly diagnosed infection in men was balanitis.

Dapagliflozin has been shown to be safe and effective in older adults with advanced T2DM, comorbid cardiovascular disease, and with high use of concomitant medications.[@b59-dmso-9-025] In addition, there is a 20-year simulation study that has estimated the long-term cardiovascular effects of dapagliflozin compared with the standard of care.[@b60-dmso-9-025] It is projected that there will be a relative reduction in the incidence of myocardial infarction, stroke, cardiovascular mortality, and all-cause mortality of 13.8%, 9.1%, 9.6%, and 5.0%, respectively.[@b60-dmso-9-025] In another study that pooled data from 19 trials (n=8,282), the point estimate for the Cox proportional hazard ratio for a composite end point of cardiovascular death, myocardial infarction, stroke, or hospitalization for unstable angina was 0.819 (95% confidence interval \[CI\]: 0.583--1.152).[@b61-dmso-9-025] Despite these trials that suggest that dapagliflozin has no negative impact on cardiovascular events, there is an ongoing trial, the Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events (DECLARE-TIMI58; [ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT01730534), to further evaluate the link between cardiovascular events and dapagliflozin and is expected to be completed in April 2019.[@b62-dmso-9-025]

In May 2015, the FDA released a drug safety communication regarding an association between SGLT2 inhibitor use and the development of DKA with mild-to-moderate glucose levels (euglycemic DKA).[@b63-dmso-9-025] As of May 19, 2015, there have been 101 cases of DKA in patients with T2DM and 46 cases of DKA in patients with type 1 diabetes reported worldwide.[@b64-dmso-9-025] The agency indicated that DKA case presentations were atypical and presented with high anion gap metabolic acidosis, elevated blood or urine ketones, and mildly elevated glucose levels at less than 200 mg/dL. Patients displayed symptoms such as difficulty breathing, nausea, vomiting, abdominal pain, confusion, unusual fatigue, and sleepiness. Potential triggers identified in some cases included infection, acute illness (UTI, influenza, or trauma), reduced caloric or fluid intake, acute renal failure, reduced insulin dose, and alcohol consumption.[@b63-dmso-9-025]

There have been concerns with an association between the use of dapagliflozin and bladder and breast cancers. According to the FDA Advisory Committee, there had been a total of ten cases of bladder cancer (n=6,045) in patients taking dapagliflozin compared to one case of bladder cancer (n=3,512) in the control group.[@b65-dmso-9-025] The FDA has concluded that the risk between dapagliflozin and bladder cancer cannot be ruled out. Therefore, it has proposed to continue surveillance of this potential association through the DECLARE-TIMI58 trial.[@b62-dmso-9-025] In the meantime, dapagliflozin--metformin XR should not be used in patients who have active bladder cancer and should be used with caution in patients with a history of bladder cancer.[@b47-dmso-9-025]

The FDA Advisory Committee also discussed the link between dapagliflozin and breast cancer.[@b65-dmso-9-025] There have been 12 reported cases of breast cancer (n=2,693 females) in patients taking dapagliflozin compared to three cases (n=1,429 females) in the comparator group. The incidence rate ratio for breast cancer was 2.472 (95% CI: 0.636--14.095). The FDA has concluded that the data is insufficient to validate an association between dapagliflozin and breast cancer because of various factors, including no screening mammography, breast cancer occurrence during the first year of therapy with dapagliflozin, the time from diabetes diagnosis, history of previous exposure to other antidiabetic agents, and the hormone receptor positivity of breast cancers.

Lactic acidosis is a rare metabolic complication that can occur with dapagliflozin--metformin XR, and is due to the accumulation of metformin; the risk for lactic acidosis is listed as a black box warning. It is a medical emergency that is fatal in about half of the cases.[@b47-dmso-9-025] Declining kidney function is an important factor influencing metformin accumulation.[@b66-dmso-9-025],[@b67-dmso-9-025] Therefore, the use of metformin is considered to be contraindicated in many conditions that could increase the risk of developing lactic acidosis, such as chronic renal, hepatic, and cardiovascular disease.[@b67-dmso-9-025]

Dapagliflozin--metformin XR is contraindicated in patients with moderate-to-severe renal impairment (serum creatinine ≥1.5 mg/dL for men or ≥1.4 mg/dL for women, or estimated glomerular filtration rate \[eGFR\] \<60 mL/min/1.73 m^2^), because both dapagliflozin and metformin are renally cleared, and metformin accumulation can lead to lactic acidosis.[@b47-dmso-9-025],[@b66-dmso-9-025]--[@b68-dmso-9-025] No dosing adjustments are indicated for patients with mild renal impairment (eGFR ≥60 mL/min/1.73 m^2^).[@b47-dmso-9-025] Greater declines in kidney function lead to a proportional increase in the systemic exposure of dapagliflozin and its metabolite.[@b69-dmso-9-025] Therefore, as renal function declines in chronic kidney disease, dapagliflozin is less efficacious at maintaining glycemic control.[@b70-dmso-9-025]

Case study
==========

SR is a 47-year-old woman with a 1-year history of T2DM who presents today with recent weight gain (12 lb over the last year) and inadequate T2DM control. She was started on glipizide 5 mg and metformin 500 mg every morning and evening at the time of her diagnosis 1 year ago and was titrated up to glipizide 10 mg and metformin 1,000 mg twice daily. She was also advised to lose weight (at least 10 lb) but admits that she still consumes a high fat diet with refined sugars. She informed her provider that she had stopped taking her morning dose of glipizide because of dizziness in the early afternoon, which was often accompanied by sweating and a feeling of mild agitation. SR admitted that she usually misses breakfast and often eats a late lunch at fast-food restaurants. Lab results taken at this visit indicated that her A~1C~ had dropped from 9.2 to 8.1 since starting glipizide 5 mg and metformin 1,000 mg. SR also takes lisinopril 10 mg daily and hydrochlorothiazide 25 mg daily for hypertension and atorvastatin 20 mg at bedtime for elevated cholesterol.

Assessment
----------

Based on SR's medical history, records, physical examination, and laboratory test results, she was assessed as follows: Uncontrolled T2DM (A~1C~ \>7%)Obesity (body mass index =37.8 kg/m^2^)Hyperlipidemia (controlled with atorvastatin)Hypertension (marginally controlled with lisinopril and hydrochlorothiazide)Normal urine microalbumin test (\<30 mg albumin/24-hour urine collection)Self-care management/lifestyle deficits:○ Limited physical activity○ High fat and carbohydrate intake○ No self-monitoring of blood glucose (SMBG) program○ Poor understanding of diabetes

Discussion
==========

SR presents with uncontrolled T2DM, recent weight gain, and comorbid conditions that usually accompany T2DM. While there has been improvement in her glycemic control as evidenced by the reduction in A~1C~, nonadherence to her current antidiabetic therapy may contribute to her inability to reach her glycemic goal. Including SR in the decision-making regarding her treatment would open up conversation about barriers she faces when attempting to manage her diabetes on a daily basis. SR should receive diabetes self-care management education, which focuses on healthy eating (especially the importance of eating breakfast every morning), physical activity, monitoring blood glucose levels, and adhering to medication therapy. SR should receive ongoing education and support to help her develop healthy coping skills and strong problem-solving skills. Developing and strengthening these behaviors will improve SR's glycemic control and reduce her risk of complications.

SR was previously prescribed a sulfonylurea and metformin, but discontinued the morning dose of the sulfonylurea because of hypoglycemia (unconfirmed by SMBG), which could have been precipitated by missing breakfast. The primary care provider decides to discontinue the glipizide because of hypoglycemia and considers other options for managing SR's diabetes. Sulfonylureas and meglitinide can reduce postprandial elevations caused by increased carbohydrate intake, but they are also associated with weight gain.[@b5-dmso-9-025],[@b11-dmso-9-025],[@b27-dmso-9-025] The thiazolidinediones effectively address insulin resistance but have also been associated with weight gain.[@b5-dmso-9-025],[@b11-dmso-9-025],[@b32-dmso-9-025] The α-glucosidase inhibitors can help with the rise in postprandial hyperglycemia by reducing carbohydrate absorption in the gut.[@b5-dmso-9-025],[@b11-dmso-9-025],[@b71-dmso-9-025] However, these inhibitors require a slow titration and are associated with multiple gastrointestinal side effects. The glucagon-like peptide-1 (GLP-1) agonists facilitate glycemic control by increasing glucose-dependent insulin secretion and promote satiety and slow gastric emptying resulting in weight loss.[@b5-dmso-9-025],[@b11-dmso-9-025],[@b72-dmso-9-025] Dipeptidyl peptidase-4 (DPP-4) inhibitors also reduce A~1C~, without associated weight gain. SGLT2 inhibitors lower glucose concentrations and results in weight loss and modest reduction in blood pressure.[@b5-dmso-9-025],[@b11-dmso-9-025],[@b72-dmso-9-025] SR has good renal and hepatic function and normal potassium levels. The findings on SR's physical examination and results of her laboratory assessment are presented in [Table 2](#t2-dmso-9-025){ref-type="table"}.

GLP-1 receptor agonists, DPP-4 inhibitors, and SGLT2 inhibitors can be used as monotherapy (although GLP-1 receptor agonists are not recommended as the first treatment for T2DM) or in combination with other antidiabetic agents, and they may be initiated at a lower dosage and uptitrated if additional glycemic control is necessary. The GLP-1 agonists, DPP-4 inhibitors, and SGLT2 inhibitors are all appropriate options for this patient. After reviewing the available options and discussing the need for improved glycemic control with the patient, the provider decides to prescribe dapagliflozin--metformin XR because it can be administered orally once a day, is associated with a low risk of hypoglycemia, and provides the added benefit of weight reduction and modest blood pressure lowering. The cholesterol panel should be closely monitored since SGLT2 inhibitors have been shown to increase LDL in clinical studies.[@b47-dmso-9-025]

Summary and conclusion
======================

The prevalence of T2DM is increasing in the US.[@b1-dmso-9-025],[@b2-dmso-9-025] In spite of the large selection of antidiabetic agents available to treat T2DM, a large proportion of patients with T2DM still fail to achieve glycemic goals. Most patients with diabetes must have two or more oral medications and, in some cases, insulin in order to obtain glycemic control.[@b11-dmso-9-025] In addition, many patients with T2DM have other comorbid conditions such as hypertension, hyperlipidemia, and other conditions that require treatment, thus increasing the pill burden. Streamlining the number of daily medications by using FDC therapy has been shown to improve medication adherence, patient satisfaction, and glycemic control.[@b16-dmso-9-025]--[@b18-dmso-9-025]

The case study described herein demonstrates that no single therapy fits every patient and underscores the need to individualize antidiabetic therapy based on the specific characteristics of the patient, as suggested by the recent ADA and AACE guidelines.[@b5-dmso-9-025] Current treatment guidelines for patients with T2DM recommend the use of SGLT2 inhibitors as an alternative option or as an add-on agent when metformin is not tolerated or is inappropriate or fails to provide adequate glycemic control.[@b5-dmso-9-025],[@b11-dmso-9-025] Dapagliflozin in combination with metformin provides additional reduction in blood glucose concentrations with the added benefit of modest weight loss and reduction in systolic blood pressure. The available data on dapagliflozin--metformin XR support its use as a treatment option in patients with T2DM.
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**Notes:** Reprinted from *Trends in Pharmacological Sciences*; 32(2); Bailey CJ; Renal glucose reabsorption inhibitors to treat diabetes; pages 63--71; Copyright 2011; with permission from Elsevier.[@b73-dmso-9-025]\
**Abbreviations:** AGI, α-glucosidase inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1, glucagon-like peptide-1; SGLT2i, sodium--glucose cotransporter 2 inhibitor; SU, sulfonylurea; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione.](dmso-9-025Fig1){#f1-dmso-9-025}

###### 

Summary of placebo-controlled trials detailing efficacy of dapagliflozin monotherapy or combination with metformin

  Reference                           Intervention                     Change in A~1C~ from baseline (%)   Change in body weight from baseline (kg)   Change in systolic blood pressure from baseline (mmHg)
  ----------------------------------- -------------------------------- ----------------------------------- ------------------------------------------ --------------------------------------------------------
  Bailey et al[@b48-dmso-9-025]       MET + placebo                    −0.3                                −0.9                                       −0.2
                                      MET + dapa 5 mg                  −0.7                                −3                                         −4.3
                                      MET + dapa 10 mg                 −0.84                               −2.9                                       −5.1
  Bailey et al[@b49-dmso-9-025]       MET + placebo                    0.02                                1.4                                        1.5
                                      MET + dapa 5 mg                  −0.58                               −1.7                                       −1.1
                                      MET + dapa 10 mg                 −0.78                               −1.7                                       −0.3
  Henry et al[@b50-dmso-9-025]        MET XR + placebo                 −1.4                                −1.3                                       −1.8
                                      Dapa 5 mg + placebo              −1.25                               −2.6                                       −4.2
                                      MET XR + dapa 5 mg               −2.1                                −2.7                                       −2.9
                                      MET XR + placebo                 −1.4                                −1.4                                       −1.2
                                      Dapa 10 mg + placebo             −1.5                                −2.7                                       −4
                                      MET XR + dapa 10 mg              −2                                  −3.3                                       −3.3
  Nauck et al[@b51-dmso-9-025]        MET + dapa                       −0.52                               −3.22                                      −4.3
                                      MET + glipizide                  −0.52                               1.44                                       0.8
  Matthaei et al[@b52-dmso-9-025]     MET + SU + placebo               −0.17                               −0.6                                       −0.3
                                      MET + SU + dapa 10 mg            −0.86                               −2.7                                       −4
  Jabbour et al[@b53-dmso-9-025]      Sitagliptin ± MET + placebo      0                                   −0.3                                       −5.1
                                      Sitagliptin ± MET + dapa 10 mg   −0.5                                −2.1                                       −6
  Ferrannini et al[@b54-dmso-9-025]   Placebo                          −0.23                               −2.2                                       −0.9
                                      Dapa 5 mg                        −0.77                               −2.8                                       −2.3
                                      Dapa 10 mg                       −0.89                               −3.2                                       −3.6

**Abbreviations:** dapa, dapagliflozin; MET, metformin; SU, sulfonylurea; XR, extended release.

###### 

Case study physical examination and results of laboratory tests[a](#tfn2-dmso-9-025){ref-type="table-fn"}

  Physical examination                                                                                                                       Laboratory tests
  ------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------
  • Weight: 99.8 kg; height: 1.63 m; BMI: 37.8 kg/m^2^                                                                                       • FPG: 166 mg/dL (normal range: 65--109 mg/dL)
  • Blood pressure: lying, right arm 142/80 mmHg; sitting, right arm 140/76 mmHg                                                             • Creatinine: 1.0 mg/dL (normal range: 0.5--1.4 mg/dL)
  • Pulse: 80 bpm; respirations 20 per minute                                                                                                • Blood urea nitrogen: 16 mg/dL (normal range: 7--30 mg/dL)
  • Eyes: corrective lenses, pupils equal and reactive to light and accommodation, Fundi clear, no arteriolovenous nicking, no retinopathy   • Sodium: 141 mg/dL (normal range: 135--146 mg/dL)
                                                                                                                                             • Potassium: 4.3 mg/dL (normal range: 3.5--5.3 mg/dL)
  • Thyroid: nonpalpable                                                                                                                     • Lipid panel
  • Lungs: clear to auscultation                                                                                                             ○ Total cholesterol: 180 mg/dL (normal: \<200 mg/dL)
  • Heart: rate and rhythm regular, no murmurs or gallops                                                                                    ○ HDL cholesterol: 52 mg/dL (normal: ≥40 mg/dL)
  • Vascular assessment: no carotid bruits; femoral, popliteal, and dorsalis pedis pulses 2+ bilaterally                                     ○ LDL cholesterol (calculated): 92 mg/dL (normal: \<100 mg/dL)
                                                                                                                                             ○ Triglycerides: 177 mg/dL (normal: \<150 mg/dL)
                                                                                                                                             ○ Cholesterol-to-HDL ratio: 3.5 (normal: \<5)
                                                                                                                                             • AST: 14 IU/L (normal: 0--40 IU/L)
                                                                                                                                             • ALT: 19 IU/L (normal: 5--40 IU/L)
                                                                                                                                             • Alkaline phosphatase: 56 IU/L (normal: 35--125 IU/L)
                                                                                                                                             • A~1c~: 7.8% (normal: 4--6%)
                                                                                                                                             • Urine microalbumin: 20 mg (normal: \<30 mg)

**Note:**

Samples for the laboratory tests were drawn 5 days before the office visit.

**Abbreviations:** ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose; A~1c~, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
